932 





VALVE TIMING 


FOR 


AIRPLANE ENGINES 


PREPARED IN THE OFFICE OF 
THE DIRECTOR OF AIR SERVICE 


August, 1919 





WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1919 


932 


EP mente (A ew AYE 3 . ne he ae Se ep gt OS ny eet ek ce mi re~ wa oe 
Fs = a a e dig = > 


Wark DEPARTMENT 
Document No. 982 
Office of The Adjutant General 


a) 23 Seer 











ee Me el a a el wh ST one 


WAR DEPARTMENT, 
WasHineton, August 4, 1919. 


The following publication, entitled “ Valve Timing for Airplane 
Engines,” is published for the information and guidance of all 
concerned. : 

[062.11, A. G. 0.] 


By ORDER OF THE SECRETARY OF War: 
PEYTON C. MARCH, 
General, Chef of Staff. 
OFFICIAL: 
P. C. HARRIS, 
The Adjutant General. 
181696—19 3 


IER VELASE ENT 




















> = '. 
~< , 
3 : 
2 
- ‘ 3; ‘ 
‘ “ke z 
’ 
S 
A . 
- a i 
4 
- 3 2; one 
Se - = Pao : 
ee . aoe GLI S 9 
; is v2 
° 
. 
x oh byes! . - + aie e 
> ae ‘ 3 ’ . a 
a ‘ ; 
, - 4 ; 
Rae r > FF oy ‘ See os = 
oY. : aiken altro Fo es Sak Ries ad 
f : 
+ - < e - ty 
4 2 : . - : . 
<r e = = ed 2 eS ~ ' 
a aR A 3 . 
\ 2 ~ 
Fe ; ~ mn 
5 ‘ +i ‘ oe - 
; 2 ; Ds ae > 
+ P pict ace % * 
- © 
— ay tee : * > 3 LP os . é 
2 2 : 
- aoe ie y 
J 8 : Ana i rs 
4 oe . ‘ 5 
te begs Se ahled i 3 
; 3 . ~ 5 
- Ne ~ ; 
‘ . ="; “ne om - 
. “ “ . f :: 
A ’ : ae . : 2 ‘ z x 
« : 4 
Ce a . Te 
2 + Sire 
“ es o s 
r v 
3 ee ¢ me F : s . 3 
" iz : : 
- 4 2 
: yer = 
. % . 
~ ; J 
¥. ‘ 
: : ; : 
P "4 
2 - 
j 
ns 
* ‘ 
‘ 2 A 4 
‘ . at 
s : ‘ = : = 
of . . a 2 | 
. + =. - “~ + 
. — . - - ~ 














_ oF —_ ¥ i 3 a ’ 
é 
. emer 
. 
oy or a . : 
: ; S - 
2 ; i 
° 
Pr 
’ é 
. 
. « 
2 
. 
z ~ 
= 
2 art “ 
oat : ny 
sy re : 
- . 
} 
., 
‘ 
: ms 
< . 4 
: 4 
i 
od ses . 
i? 
| : Sa 
* b +. 
. = 
=~ om 
. se 


























as * 
| ; Ps. ore : 
i eS * ‘ PS ad a 
j * Me * tap 
a ode * 
. 7 . 
a ete - ie | 
eo! 
~ a . ” 
“a 
= 
‘a . 4 
B) P . Y 
ay x mr 
Y aie 
pines - 
‘ fe 
t 2 e ¥ e 
e 
=; 
: . 
“- 
' . ; 
. : * 
~ 
* * 
* . 
. - 
. «S od + 
: - ‘ 
od - - 
B dow e 
- : 
se ‘ 
o . = > 
. seek j 
3 7 yee 
7 aie 
P ) 
* 
« 
. . 
- < 
- a . = 
ba + 
: pd eoca - 
. :. 2 P ‘ i y 
= be = ~ ~ 





| ASmUMN 
Be SE) i Aday Aig 
IS “Dh Peli 


aA a ) (0 un 8 


CO. 








VALVE TIMING. 


Data Required Before Timing Valves. 


Before Ab: mechanic can time the valves on an aviation motor he 

must have what is termed the “ valve timing data” at his command. 
‘This data is usually given him by the sone er of the particular 
motor that he is assembling, and since almost every manufacturer 
of motors makes a large number of models, he should. be very care- 
ful that the data he has received correspond to the model that he 
is working on. It comes to him in instruction manuals in the form 
of the degrees of crank-pin travel for all important valve openings 
and closings. If the data is received verbally from some superior 
in command, it should be written out and presented to him for his 
recheck and O. K. 
_ Many motors have-the essential salve. -timing data stamped upon 
brass tags secured to the crank case of the motor. The two follow- 
ing diagrams indicate the usual method of recording such valve-tim- 
- ing data. Note that it is not only necessary to have the usual de- 
grees of opening and closing of the exhaust and inlet valves Du also 
the respective clearances. 

Automobile mechanics have been taughit to look upon the timing 
gears of the motor for certain identification marks that make possi- 
ble a gear setting which will correctly time the cam shaft of the 
motor, and the valve timing of.such motor is checked against the 
- marks which appear on the flywheel. The flywheel represents a large 
“timing disk.” Unfortunately, the aviation motor has no flywheel, 
and. usually possesses an. overhead cam shaft, or overhead . valve 
action, necessitating a more complicated timing gear - train than 
is usually found upon the average automobile motor. The gears 
are, therefore, never marked, but. are meshed. according to certain 
rule methods that will effect a Ver Vy accurate timing. 3 


Extent of Assembly Before Timing Valves. a 


~The motor assembly. i is brought to that stage where all sAporRtane 
units have been assembled, so that under no circumstances will the 
valve-operating sncrelncriticnen have to be disturbed for the further assem- 
bly of the motor. The base of the motor has been completely assem- 
bled; that is, the two halves of the crank-case have been set together 
with the crank shaft; all-of the essential bearing details properly 
attended to; the cylinders have been mounted and properly bolted 
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to the crank case, while the valve-operating mechanism, including 
rocker arms, push rods, springs, plungers, plunger guides, etc., have 
all been permanently set in place. In fact, all the important details 
have been placed except what we might term the timing-gear case 
cover, or cam-shaft housing cover, or that portion of the motor which 
would cover up the cam gear. It is not necessary in the proper proce- 
dure of valve timing to have such items in position as the intake man- 
ifolds, water pump, magnetos or electric wiring, etc.; items that do not 
bear any direct connection with the main units of the motor. On some 
motors the timing-gear train can not be reset without the removal of 
many small units; on others it is more readily performed. Take 
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the Curtiss, for instance, Models OX-2 or OX-5; it is necessary to 
take a vertical gear end plate off before the timing-gear train is ex- 
posed. But before the removal of this plate can be made, certain 
water manifold connections have to be removed, as well as a section 
of the intake manifolds, water pump, etc. On the other hand, on 
the Hispano-Suiza motor, a setting of the timing-gear train may be 
effected by the simple removing of a cam-shaft housing cover running 
the length of a cylinder block, and the lifting of the cam shaft off 
its bearings. 


Importance of Primary Clearance Adjustment. 


Changing the clearance under a valve stem produces a triple re- 
sult; first, it changes the lift of the valve; second, it makes the valve 
open earlier if the clearance be lessened and later if made greater; 
and third, it makes the valve close earlier if the clearance be greater 
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and later if less. A change in the clearance of 0.010 or 0.015 inch 
will often make 10° change in the point of opening, as well as the 
same amount on the closing. It is, therefore, very important that 
prior to making any attempt at valve timing, the correct initial 
clearance recommended by the manufacturer be given the valves. 
This initial clearance setting we term “The primary clearance set- 
ting.” For instance, by noting items D and E of the Figure I, 
the manufacturer’s recommendation of the primary clearance can be 
obtained. In this case it is 0.010 inch for the exhaust valves and 
the same for the intake valves. 3 

Setting the clearance to an accurate measurement like 0.010 inch is 
not as simple as it at first sounds. Almost invariably the setting 1s 
made by screwing a push rod into or out of a clevis and then locking 
it with a lock nut, or changing the setting of a rocker arm set 
screw and locking it with a lock nut. It is when the lock nut is 
tightened that the difficulty is introduced. All threaded shafts have 
running play for the threads where they turn into a threaded hole 
or nut, and when a so-called “lock nut” is “brought home” this end 
play is removed from the running fit-of the threads. The end play 
absorbed by a lock nut often exceeds 0.002 inch. It is self-evident, 
therefore, that a clearance adjustment can be made, checked with a 
thickness gauge, and because the lock nuts are not as tight as operat- 
ing precautions would call for, the clearance is inaccurate. Since 
most engine assemblers know that the primary clearance is fre- 
quently altered to a trifle less or a trifle more as a finishing step: 
’ in valve timing, they often leave the lock nuts loose, and thereby in-. 
terfere with accurate cam-shaft setting. In other words, they de- 
stroy the first accurate step in valve timing. 

In setting the primary clearance, care should be taken to revolve 
the cam shaft in its correct direction of rotation, at least one-fourth 
turn after the closing of the inlet valve on that cylinder where the 
clearance is being set. (One-fourth turn of cam shaft is one-half 
turn of crank shaft.) This same relative position should be turned 
up for each cylinder. It will be remembered that by doing this the 
valves of each cylinder will be brought to aproximately the position: 
they would be at top center beginning the power stroke of the op- 
erating motor. 


Setting the Cam Shaft. 


The next step is to pick out any particular cylinder upon which to 
observe the valve operation conveniently near the gear end of the 
motor. Suppose the motor to be an eight-cylinder V type, the cylin- 
ders arranged in two banks of four each, then cylinders No. 1 and 
No. 2 would be those most convenient. Let us select cylinder No. 1. 
Now, after first removing the cam gear from the end of the cam 
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shaft, or loosening it so that it may be readily slid off without dis- 
‘turbing the shaft, the shaft is slowly rotated in the correct direction 
until the exhaust valve just closes. Since it is difficult to note the 
exact instant the valve seats, it has become customary to use a thin 
piece of waxed paper or cigarette paper as an indicator. The paper 
so selected should be the thinnest possible. It is introduced in the 
valve-stem clearance space before the setting commences by turning 
the cam shaft until the clearance appears. Now, it is easily seen, 
that if a steady pull is kept upon the paper with a couple of fingers, 
the instant the valve seats and the clearance starts to develop, the 
paper will be released. By this simple method the exact closing 
point of the valve is readily obtained, even though the thickness of 
the paper introduces a slight error in the amount of clearance. 
_ The error may be neglected if the proper paper is selected. Waxed 
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tissue paper, such as is used for wrapping soda crackers, will gauge 
about 0.0015, while a cigarette paper will average about 0.002. 
“ The 0.0015” metal blade of a thickness gauge may be used provided 
the blade is not inserted carelessly as indicated in the Figure XIV. 
When the exact position of the exhaust-valve closing is obtained, the 
cam shaft is “set.” It must not be disturbed by any of the following 
described actions for obtaining the crank-shaft setting. It is well 
to remember, in this last regard, that a movement of the cam shaft of 
1° is an error of 2° of crank-turning effort. This, of course, is on 
account of the two to one motion between cam shaft and crank shaft. 


Timing with a “ Timing Disk.” 


The next step is to secure a setting of the crank shaft that will 
bring the piston of cylinder No. 1 at that point in the motorcycle 
which will correspond to the exhaust valve closing, for we have set 
the cam shaft at this particular point. The exact exhaust valve 
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closing point is part of the main motor data where we find that the 
exhaust valve should close 10° past top center, that is, for this par- 
ticular motor. The crank pin of the crank shaft serving cylinder 
No. 1, then, must occupy the exact position of 10° past top center. 
The question arises, How shall we obtain this 10° setting? 

The simplest method of securing exact degree settings of the crank 
shaft is by what is termed the “timing-disk method.” <A timing 
disk is accurately prepared, if one has not been received as part of 
the motor equipment, from 18 to 22 gauge sheet iron. The disk is 
“holed” at the center to nicely fit the propeller hub. It is mounted 
by removing the propeller hub bolts and front flange and then bolt- 





ig. VII. 


ing it against the stationary flange of the hub. Since the hub is 
firmly keyed to the crank shaft and the disk firmly bolted to the hub 
flange, then the disk will revolve in true fashion with the crank shaft. 
If, now, a pointer is rigged up and secured in a, set manner by bolt- 
ing down with the cylinder flange bolts or nuts so that its point can 
be bent to just clear the edge of the disk, 1t becomes very apparent 
that any mark on the disk can be aptly brought under the set pointer. 
The disk is usually made 15 to 18 inches in diameter and is marked, 
by the aid of a protractor, in degrees along its edge. (Note the 
Fig. VII.) | 

The greatest care is to be exercised in mounting the disk so that 
it properly “centers” with the crank pin. This means that when 
the mark on the disk reading “0” or “Center,” or some similar 
mark, rides under the pointer, the crank pin will be at an exact en- 
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gine center, the piston either at the extreme top or extreme bottom of 
its stroke. To secure accuracy in this respect, the disk should be 
mounted to the crank shaft before the lower half of the crank case 
is placed in position. Suppose, however, the lower half of the crank 
case is already in place, then it will be necessary to proceed as fol: 
lows: 

Slowly turn the crank shaft over so that the piston of cylin- 
der No. 1 is known to be traveling up toward top center. When 
the piston is approximately half way up, stop. Remove a 
spark plug and with a long slender rule measure the distance 
the piston is down from the top of the spark-plug hole. Be 
careful of the rule, if the piston head is crowned. | 

At the same time place a mark on the timing disk under the 
pointer. Continue to rotate the crank shaft until the piston 
passes top center and reaches a position the same distance on 
way down. 

Again insert the rule and by moving the crank shaft slightly 
either way obtain a position for the piston that will exactly 
equal the first piston measurement. 

Again place a mark on the timing disk under the pointer. 

Now, with a pair of dividers, find the mid point on the 
circumference of the disk between the two marks, or better 
still, if the disk is graduated in degrees between the two marks, 
pick out the degree point that is exactly midway. This point 
will be the TruE Tor cenrerR. Check it and note piston posi- 
tions. 

After the timing disk is once mounted it is the simplest matter 
imaginable to turn the crank shaft so that piston of cylinder No. 1 
is 10° past top center. Thus the crank shaft is srr. 

With the “set” position of the crank shaft, as per the above, and 
the “set” position of the cam shaft, the timing gears are ready to 
mesh. The cam gear should be slid on to the cam shaft without dis- 
turbing either set position. In the event the cam gear will not pass 
on to its mounting without a slight rotation of the cam shaft on 
account of a clash of teeth, a special proceeding will have to be 
decided upon. © 


Timing by Measuring Piston Travel. 


There is another method that we can use for obtaining the setting 
of the crank shaft in the event the “ timing-disk” method is not.de- 
sired on the particular type of motor being set up. This method is 
called the “ piston-travel-measurement” method. It can only be 
practiced on motors that are particularly adapted to it. For ex- 
ample, the pistons should be flat topped and the spark-plug openings. 


Pe 
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so placed in the cylinder heads that a rule can be placed down 
through them in line with the direction of piston travel. There are 
devices made for obtaining piston-position measurements when the 
spark-plug hole does not permit of the placing of a rule down into 
the cylinder. These devices are always special for some particular 
design of motor, consequently we cannot favorably discuss them here 
under general timing rules and will not take them into account. 
The governing factor in this method of setting the crank shaft is 
the ability to properly read a rule to one-sixty-fourth of an inch. 
Unless the assembler is very confident of this ability he can easily 
introduce very serious errors in valve timing ; just how will be shortly 
explained. The main endeavor in reading a finely graduated rule is 
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to avoid “ parallax.” This chance of error is better illustrated than 
explained. (Note Fig. VIII.) : 
Though the drawing may exaggerate the principle of parallax to 
be avoided, still it shows the usual errors. We may state that one- 
sixty-fourth of an inch is very important when the piston 1s being 
set within 15° on either side of top or bottom center. It should be 
remembered that it is an old trick to place the cranks approximately 


5° before a top center, have someone measure the position of the 


piston, then turn the cranks to approximately 5° past top center. 
The man measuring the piston positions practically notices no change, 
yet the cranks are seen to turn at least 10°. Contrary to this, a one- 
sixty-fourth-inch change of position of the piston when it is midway 
between centers is practically of no consequence, and may mean 
but: 1°. : 
The manufacturer may or may not give the main engine data for 


valve timing in such form that ready piston position measurements 


can be made. In fact, it most generally appears in the form as shown 
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in Fig. I. In this event the degree positions must be converted into 
the corresponding fractions of an inch that wil] give the same rela- 
tive piston positions. 

Suppose, however, that the exhaust valve closing is 10° past top 
center, as we have heretofore considered it, and that during this 
10° movement of the cranks the piston moved downward from top 
center one-sixteenth inch. The one-sixteenth inch then becomes the 
main data for the exhaust valve closing, and with this information 
we can exactly set the crank shaft. The process is best given in steps 
as follows: : | 
Turn the crank shaft over slowly so that the piston in cyl- 

inder No. 1 nearly reaches top center on-an “up” stroke. 

Insert the rule through the spark-plug hole, 

Have the man who is to read the rule secure a favorable po- 
sition so as to avoid parallax. 

Now continue to very slowly rotate the crank shaft. The 
man reading the rule should see it rise slightly out of the hole 
and then start to drop. When it is highest he should note it. 

When the rule has dropped one-sixteenth inch, stop. The 
cranks are in the prescribed position. 

When the cranks are in the prescribed position for the exhaust 
valve closing as determined above, the cam gear is ready to be 
meshed. In the event the gear will not mesh without a clash of 
teeth see paragraph “correcting valve timing for amounts less than 
one gear tooth.” 


Converting from Degrees of Crank-Pin Travel to Inches of 
Piston Travel. 


This is a process requiring a little accuracy with a pencil, rule, 
compass, and protractor. If the usual celluloid type of protractor 
is not at hand a combination: square, which has a protractor on it, 
will do. Pick any flat board or table and place upon it. a piece of 
paper approximately 10 by 20 inches. Now, let us take the problem 
of finding the inches of piston travel for each valve opening and 
closing, as well as the magneto advance as shown in Figure IT. 


Description of the Method. 


lwo measurements are first necessary from the motor: (1) The 
stroke and (2) the length of the connecting rod. The connecting- 
rod length is measured from the center of the crank pin to the cen- 
ter of the piston pin. Let us suppose that the first is 5 inches and 
the second, 84 inches. 

Draw the straight line A, B, lengthwise of the paper. 
- Draw the circle C with its center on line AB and with a radius 
of 24 inches. It represents the crank-path circle. 
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Lay off on this circle with the protractor the valve timing. For 
example, D is a point 10° from the center X, Ka point 15° and F a 
point 324°, while G is a point 50° from the center Y and Ha 
point 40°. These points represent the exhaust and inlet valve open- 
ing and closing points as well as the magneto full advance as given 
under main engine data. 

Next take the compass and open it to the exact length of the con- 
necting rod, 84 inches. | 

Then with X as a center describe the arc X*, and so on, for D, E, 
FE, G, H,-and_Y. 

X* represents the top center position of the piston. 

Y? represents the bottom center position of the piston. 

Measuring from X? to D* we find it nearly one-sixteenth inch. 
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From X? to E, one-eighth inch. 
From X! to F+, one-half inch. 

From Y? to G+, eleven-sixteenths inch. 

From Y? to H?, thirteen thirty-seconds inch. 

Hence, we have all the degree data converted to inches of piston 
travel. 


Correcting Valve Timing for Amounts Less Than One Gear 
Tooth. 


In the foregoing we have mentioned at least in two instances the 
necessity of further instruction for cases where the cam gear would 
refuse to slide into mesh without a clash of teeth. That is, the 
gear would not slide on without disturbing the set position of either 
the crank shaft or the cam shaft. Now, some rnotor manufacturers 
make special provision for a nicety of setting less than one tooth and 
others do not. Those who do not, reason that if the motor has been 
properly timed, as per the data given up to this point, the gear will 
slide readily enough into mesh; if it has not, of ccurse it won’t and 
the work should be rechecked for the error involvec. The motors of 
this class of which we are familiar are: 

The Curtiss—90 H. P. models. 
The Sturtevant—Model 5A. 
The Thomas—Model 8. 
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- On the other hand, the following motors have special provision 
for correcting the timing in cases less than one tooth of the gear: 
The Hall-Scott—either 4 or 6 cylinder. 
The Liberty. 
The Hispano-Suiza. 

The process of correcting the setting on the Hall-Scott motor is 
very simple. The cam gear has a flange mounting to the cam shaft, 
being held to the flange on the cam shaft by six three-eighths-inch 
studs. But where the studs pass through the gear the holes, instead 
of being round, are elongated. The amount of elongation is 
equivalent to a tooth. One of the studs, however, has a set screw 
through it crosswise, so that the gear can not be rotated the amount 
of the elongation without turning the set screw. By adjusting 
this set screw any correction desired up to one tooth can be made. 

On the Liberty motor the cam gears are also flange mounted. The 
cam-shaft flange supports seven studs equally spaced, so that the 
gear may be mounted seven different ways; i. e., can be rotated one- 
seventh turn each time it is mounted. It stands to reason, therefore, 
that if the number of teeth on the gear is not a multiple of 7, al- 
most any combination can be secured up tc one-seventh of a tooth, 
which would be close enough for all practical purposes. 

The Hispano-Suiza motor has what we call a double combination 
for correcting the timing in amounts less than one tooth. In the 
first place, the vertical shaft is driven from the gear at its lower end 
by a screw-driver type of joint, the tongue of which is so located in 
respect to the teeth of the upper gear that a change of one-half turn 
of the vertical shaft gives a change in timing equivalent to one-half 
tooth of the cam shaft gear. In the second place, the cam shaft itself 
is driven from its gear by a key placed in one of the five keyways 
provided in the cam shaft. By changing the key one keyway, a 
change in timing is made equivalent to one-fifth of a tooth of the 
cam-shaft gear. The timing can be corrected by changing which- 
ever one is thought necessary or both in combination. | 


Inaccuracies of Cams and Sacrificing Clearances. 


After the timing gear train has been correctly set the valve timing 
on the individual cylinders must be checked. This is particularly 
due to the reason that it is impossible to grind a perfect cam shaft; 
the cams will always vary a little bit. It is likewise due to the reason 
that the cam shaft has been set with reference to the valve action on 
only one cylinder; the rest of the cams may be more uniform, or less 
so, than the cams to the valves of this particular cylinder. Suppose, 
now, that upon the recheck a valve is found to be opening a little 
late and closing a little early. A small readjustment of the clear- 
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ance may readily correct the error. In this case the clearance would 
be lessened, but it must be firmly fixed in mind that the clearance 
can not be made a material amount less than the primary clearance 
data furnished by the manufacturer. The valve must have a certain 
amount of limit clearance for heat expansion, wear, etc. When the 
valve opens too early and closes too late, the clearance should be 
made greater. In this case the clearance may be made greater to any 
reasonable limit. 

It might be added that certain lawful limits for errors can be 
stated, and we will express them as follows: 

4° as a limit error either side of the intended valve opening 

point. 
2° as a limit error either side of the intended valve closing 
‘point. | 


A Summary in the Form of a Rule for Valve Timing. 


The following rule is a general one intended to be applied only to 
stationary motors. It in itself forms a brief summary of the steps 
described fully above. The steps are given in the recommended 
order of procedure. 


RULES FOR VALVE TIMING. 


(a) Know the proper order of rotation of motor. 

(©) Know the proper order of rotation of cam shaft. 

(c) Make sure the motor is assembled to the proper stage 
where it is ready for valve timing. 

(z@) Obtain the proper valve timing data. 

(¢) Give all valves their primary clearance. 

(7) Determine which cylinder is to be used for setting cam 
shaft. 

(7) Set cam shaft at the point of exhaust valve closing. 

(A) Set crank shaft the prescribed amount past top center 
for exhaust valve closing. 

(4) Mesh cam gear if it will mesh. 

(7) If cam gear will not mesh make correction for fraction of 
tooth so that it will mesh. 

(4) Check valve timing on individual cylinders and correct 
small errors by sacrificing clearances. ; 

(2) Recheck timing of individual cylinders after motor has 
operated the first half hour. 
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